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(57) Abstract: 

PURPOSE: A voltage controlled oscillator unaffected by change 
of temperature and outer power voltage is provided to maintain 
the oscillating frequency regularly even if the outer power voltage 
and the temperature are changed. 
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CONSTITUTION: The device includes many portions. The first 
and second current source portlons(10. 11) obtain the current 
from the outer power voltage{VCC). A charging portion(12) form 
the first current pass between the outer power voltage(VCC) and 
the ground voltage(GND) when the power is turned on. A 
discharging portion(13) forms the second current path between 

the outer power voltage(VCC) and the ground voltage(GND) when the power is turned on. The first current Sync portion 
(14) synchronizes the current supplied through the first or second current pass. The second current Sync portion(15) 
synchronizes the current supplied by the second current source portion(ll). The first and second source bias portions 
(16, 17) bias the first and second current source portlonsdO, 11) in order that they aren't affected by the outer power 
voltage and temperature. The first and second Sync bias portions(18, 19) bias the first and second current Sync 
portions(14, 15) in order that they aren't affected by the outer power voltage and temperature. 
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£ 1^ $J ^AHH ^oj. ;,|lo^ ^^711- t+El-ifl^ 

£ 2a ^ :£ 2b^- :£ 1<H1 :£a1^ ^<a- :4o] »^^7]3] ^^-^ -M'^SVy) ^^o_s.^^_ i 2a^=r ^ ^^^fl 2lf}- 

^^7)S1 «„l-?i -i-^q-oil ^:dl-i-* ^-El-m^ i 2b^T T^^,^ ^ 

£ 2cTr £ 1-^1 ^lo] ^^7)31 VA b^^3] ^i-a- jq-^^ojcf. 

£ 4^T £ lofl S'^-l^ ^l^l ^^7l2l 2 M}o]o]^^^^ ^^^^ 

£ Str S. 4-^1 S.^]^ 2 a><s]oi>t^s^ SHS. -^^^-^(bandgap reference generator)* M-Ej-vflfe 

£a o -'i ' -I ~i 

^^-8: ^s.<^ ^AS.*^. ^ iq-^ ^^ofl SJ^fe ;*flol ^^171611 fj.?]- ^ 



^efl 7l#ol] 21?V ^<a- ^]o] ^^7l(voltage controlled oscillator) ^ sMfe tS^^IaI&I 'J^'^oll ^^^S ^el-^o] 
^£1^ S^^l^ElSl #^E1 ^ olD]El ^1- ^'a-(VCE)ol ^^€4. u]s]S] ^^Hl7> H>3?)SS. <a 

^Al ^3^^ 71- ^^^cf. 



FM el-cq^ -frMofl ?-efl 7l#ofl o^^v ^oj. ^^flo^ ^^^717]- ^j^s^^ i^:^ ^<a- ^ ^is^ ^^o)] sl«fl ^<a- 
^?l7ls^ a^v^l ^3|-^(free running frequency)7V ^^l^^. ¥r^^ ^■^^<^] 

^ ^xg^ S-aj^ i?) «- 7^1^ ^^J- ^ ^£7]- ^5^71- ^^*>7|1 -a-^lSlfe ^«a- ^?l7l«- ;<fl^*>fe 

51 ol^-. 
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«>^3}tb ^^Hl» ^l^lsf^ i?l ^-^ S^'Hl 7);»ll^ #2:SH<»>^> t!-i=l-. 



uV^zlt!: ^AH]o)l n]-^ ^<a- ;q]o1 ^:5l7l^. ^<a-(VCC)^S.YEl ^l^flAleKCS). ^1 1 ^ 

2 ^^r dL^^^aO. 11), #^^(12), '^■^^(13), 1 ^ 2 ^^r -^3^(14, 15), 1 ^ ^1 2 4ii »3>o]cH^ 
^(16. 17) ^ 5*11 1 ^ 41 2 a|-ol (18, 19)S ^^^^cl-. 4] 1 ^ 41 2 4ii-?-(10, 11)^ ?i 
<a-(VCC)^S.-^El ^^rl- dt^'tbi^. ^^^(12)^ tH^^IeKCS) <a=^i- ^Val ^^:x> ^ 41 1 ^ 41 2 ^i-?-(10. 
ll)-^ Sl«tl 4H5lol, €^SlSi-ir H ^.^ ^'g-(VCC) ^ ^^1 ^^(GND) ^1 1 

•S-^^(13)t=t ^^^(12)31- ^VH^ 4Hslt^, ^^slSi* ^ S]^ ^^(VCC) ^ ^^1 €<a-(GND) ^V^H 
41 2 bB^» ^^J^cl-. 41 1 ^A3.^(14)¥t 41 1 Z¥r 41 2 ^fl- -f-tfl ^^S]^ ^fl-* ^H^M. 41 

2 ^^r 'aH-¥-{15)^ 41 2 ^-S" ^i^^dD^fl 3l«fl :?i^r» ^3^4. Sth 41 1 ^ 41 2 ih^ a>ololi:^( 

16, 17) ^ 41 1 ^ 41 2 ^^^(10, ll)# s]^ ^^(VCC) ^ ^£<i ^«J=^^1 n}o]o]^^i}si, 
41 1 ^ 41 2 ^^EL «>olo]>:-^(i8, 19)^ 41 1 ^ 41 2 ^^r ^a-^(14, 15)» s]^ ^ ^£<>11 ^TO^l ^ 

zl-z| H>o]<:>^^^c^.. 



SE?>, ■t'^-?-(12)^r- 41 1 H^^1^E^(Q49) ^ 41 2 S?fl^l>:;El(Q50)S. 4) 1 

Q49)^ afloli ^<a-(VA)ol 41 1 ^^r dtr^i-^dOofl a>olol^s]Dl, 41 1 ^^r ^^'^ ^^^Ife ^^r» # 

^El^_ °l7l-«l-o> oln]El-l- -f-SH ^] 1 ^^r ^a-^(14)S. #^tl-cl-. 41 2 Ei^i^liEKQSO)^ 4l 1 ^^r 

(10)'^ ^8fl ^o]±: :g«a-(VA)ol hM'H^SI'^. ^1 2 di>i-¥-(ll)ofl ^«il ^^S)^ :5i^r« 'y7>^ol. o) 

°lEll- -f-S>oi 41 2 ^^r -^3^(15)5. *^^cl-. zzelJi. »S-^^(13)^ 41 1 ^^^^l H^^1^e1(Q51) ^ 41 2 S 
ia^liE^(Q52)5. ^^^^cf. ^1 1 'S-?! B€^liEl(Q51)fe Hfloli ?i^(VB)^ 41 1 SiiH^l^El (Q49)Sl 
^ol-<Hl SlSIl aVojol^slJi. 41 2 ?i^r Sflibofl SlSi) ^^£)fe ^^r» §^El«^ ?l7f«l-o1- olnlEj-f- ^^}<^ 4l 1 ^-fr 
H^(14)S #^5>jil, 41 2 H€^1^El(Q52)^=r 41 1 H^^liEKQ49)S) ^}o]c,]^S\ 

^. ^-a- ^^7lSl #^(FO)-2.S. ^^^S^Vcf. ^ .^^lA^oflA-l^, ^Tgo^ ^^}<^ 41 n HsS^l^ 

allol>;ofl * ^^r^ IBn^S., l-si!Elo1]Al o1d]b1s(SE.^=t =l wVcfl IJ-^^S.) S.^¥r ^-frfe IQn*.^-. R 
n«Hl IRn^5. S7l^Vi:l-. S.^, n^^]^<^ -f-^^ ^^V^^l ^4:ar>fe '»^^'o]e^ 
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VAoH *8-^-?-(13)» 1 ^ 2 n)-^ H«a^liiiEil-(Q51, Q52) zl-^^l iflol^ ^SJ"* VBojcf. ^e^S. 

5-, VA ^ VB ^-a^Sj a7lefl ^^^(12) ^ »8-^-¥-(13)^ *|-^ ^eA (differential type)^ ^H^^f. 

^1 1 ^ ^1 2 ^^^(10. 11)^ ?13^^1E1(CS)«^ ^SV^^ ^^^l^lfe ^fJl. ^1 2 -g-?! Eig^l^ 



£ 2a ^ £ 2b^ £ lofl ;^1<H ^^7lSl -i-^* ^^^Sf^l ^t!" ^^^S.^. £ 2afe -g- ^"g-^ ^<a- 

2:7H], ^1 1 ^ ^1 2 S^>^l:iBll-(Q49, Q50)21 Bflo]^:: ^^(VA)^! 1 ^ ;«fl 2 ^^^] ^B\9(Q5l , Q 

52)2\ ^]o]^ ^"a-(VB)licf ^o.^ f';^ S€^l^El-i-(Q49, Q50)-^ >S-^ S^^liiiEl#(Q51, Q52)-a- 

^*€cl-. =1^"^, ^] 1 ^^(R45)* ^l>d ^^r^ 2 ;q^(R48) ^ ^3 ;H%(R47)o.S. Jl^cl-. Zlfltfl. 3 
(R47)* -i-*!] ?i^r(IR47)^=r ^^1 1 S^^l^iE] (Q51 )2l HflolioJ) *El l-cH^V^cfl, n 3.7]^ ^] 2 7^]^ 

R48)-g- -§-«fl ^1 1 y,)-^ SS«^li^^E^(Q51)2l olDlElS. ■i-<H7>^ ^^r(IR48)2icf ^.^ 3}-^ SItoIt^- «fl. 
-¥-(13)# Hl-olo1^5>^ ^"a-(VBH)-ar ^sl-i^ VBH=VCC-(R45XIR45+R47XIR47) o) ^cf. zilic]], ^l^?} «>sf ^o], IR47< 
lR48olal,IR48sIQ53 o]s.S. »y-^-^(13)« Hj-ojol^Sl-fe ^"tKVBH)^ cf-g- ^^J-i] ^ ^o] ^t^^^cf. 



1 

VBH- VCC-(R4S X IQS3) 



^el^l-'a, ?l2)lAlEl(CS)oll ^^l-^ol ^i-a-CVCC) ^ ^^(GND) A>olofl^ 

1 5fl^(R45-> R48-> Q51-> Q53)7l- ^-^^^cf. o] ;m i m^v^ S.^^liE:l(Q51)7l- ^-g-S^ol Si-^S.^ 

-Tlsfl^lEKCS)*^ ^«>fe >in ?J 2 4ii B>olo1>i:^(10. 11)» rzelss. ^^^(12)# h> 

oH^s>fe ?i<a-(VA)-B- 'a-^^cl-. 

VA7> n^^^ 1^1 VBH^c^- ^©M^. 7)] 1 ^ >il 2 -g^^ H^;^lii:El(Q49. Q50)^ €^^^1 ^1 1 S 

^1 2 ^rt^ H€^l=tE^(Q51. Q52)fe ^AS^cf. <»1 ^g-fsl ^3)-* £ 2b<^ ;^>>m«l -Qi^^cl-. 

>ll 2 ^i^r :i^S>^ ^^r(IQ50)^- tSSIIaIeKCS)^!] ^sf^ol ^7|-sl-:£^ s>7l 

iQ47+iQ48<iQ5r. Si^d^] ^Il^i^. ^I^-^IEKCS)-^ ^51-^^ ^7>^c1-. nsiss. VASl 

cf^l ^o>^cV. o] i^, 1 ^i*J-(R45)* x1i4^ ^^(IR45)^ ^^1 3 >H%KR47)^ -f-*}! ^1 1 S^^^l^iEl 
(Q49)21 #?l!Ei5_ l-Ei S<H?>c}-. ^, ^^(VCC) ^ ^^1 ^-a-CGND) '<<}ol'^l 2 ?i^r 3fl^(R45-> R47-> 
Q49-> Q53)7l- sgA^^cl-. nfeJ-A^. VB^I VBL* ^*>^ VBL=VCC-(R45XIR45+a]H^IRai)av3], 1 S 

sa^l^tl (49)21 Hlloli ^^r(IB49)^ ^^r(IR47):ai:l- 2^^S.^. VBL-^ cf-S- 25. ^Ir^^^cf. 



-t-«l-^ 2 

VBL- VCC-aQ53 X <R45+R47)) 



VASI ^^71- ^o>;c^A-1 VBL2J- ^^W^. ^^-¥-(12)^ Sd.2.H£l^ •?}-?i^(13)7V ^^^t^. * 
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£. 2cTr S. l-^ S^-^]^ ^"a- ^1<H '^^7]S\ VA 1^S.S\ s^^S.o]i:\. 

•H- ^"gofl s]^ ^<a- ^^7)fe ?l2flA]El(CS)* ^»S-^5l-fe IQ47. IQ48. 37] ^ VAS) ^"U-^l-?! 

AVA-VBH-VBL-1Q53XR47 ofl ^;^^cf. i 2cofl^i ^^t^^ ^^1 ^7l(T)S) ^^ol l/T^]^, 

VA ^<a- ^?]- Tl ^ sV^j- ^ojcf. z^- ^?Vo^ ^7l<Hl tj]*]) x^HlSl^-^sl-^, ^^l" Tl-^r 

(CS)S ^^S>fe ^^^(IQ50)7> 0^1 ^EfloflAl 1 ^ 2 ±^^(.10. 5^34)^1 e1(CS)7> 'Jj-^islfe 

T^^^^ol'^CS 2a ^2:). 713^1^1 El (CS)^ ^^ofl 31*1) «<}-^slsS. av-L^ olcf. u^e:^A^ Tl^ 30I 



-r«^-i] 3 

CSXAV CSXAV CSX<IQ53XR47) 
r "■" IQ47+JQ48 *"■ IQ47+IQ48'" 



VA21 ^1^7> s>7j^s]-^ ^^91 T2o11^i 7l34lAlEl(CS)» #^sVfe IQ50-(IQ47+IQ48)olcl-. nj-efAi, T2^=r 

^-^^ 4 

CSXaV _ CSXaV _ CSX(IQ53XR47) 

1 IQ50-rQ47-IQ48 " rQ50-IQ47-IQ48 



' T T! I T2 

. 1 

CSXIQS3XR47 CSX1Q53XR47 
IQ47+IQ48 IQ50-IQ47-IQ48 



CSXIQ53XIQ50XR47 
(IQ47+IQ48) X (IQ50-IQ47-IQ48) 
(IQ47iIQ48)X(lQSO-IQ47-IQ48) 
CSX IQ53 X IQ50 X R47 



5# ^-il^V-a. ^l-a- ^]<^ ^^y]^ ^^^W^r '^^]2^^ al-olol^ ^^r(IB47. IB48) ^ ^] 1 
^^12 Hl-olcHi ^^r(IB53, IB54)<^1 ^l-el-Ai ^^^cf. £fK f=^Sl-^ 5]<^l^i <& ^ SU^^*!. ^1 1 h>o1<H=±: 
?i^(IB47)7> ;H1 1 4ii5i^(10)«^^1 ib^^Vfe ^^r(IQ47)fil a7l£ ^^*>S.S ^34^(f)7]- 

^-a- ;^]<H ^^7lSl ^3l-^(f)7l- Sq:?- ^-a- ^ ^£ ^^ofl <g*J^«)-P^1 a^O.^^, «>OlOl>h ^-fri-d 

B47, IB48, IB53, IB54)^ Si\^ ^ ^£ ^2|-ofl <^^^;^1 'a;^]3(|<^> t>-cl-. 



£. 3-^ £ SA)^ ;£l<a- ^]o] ^^71^1 ^1 1 aV^lol^^oi ^aIoJ]!- i^-El-iflfe S-^ol^-. 

^■1 «s^^<§« ^i^^r* <a7]-«l-o}. ^oj^y >ig>^^S>^ ?i^r ^^151(33), ^]^](33)o^^^^ ^V^Sl^ ^^r» 4l 

^^r ^5^^^(31)011 -^-^ll^sl-fe- Y^)l€-¥-(35) ^ 4i^jal ^l-JKVSET) ^ ^i^(VI)fil *H1 SlSfl ?i 
«lal(33)ofl ^^^1 H7l-i- 2:^«>o^ ;M1 1 ^^r 2:^^(37)5. ^^^€^1-. 
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±^ ^^r ^S^iWDTT ^1 1 a>o)<Hi^* u).o)o1>: 51-71 al'g-tV ^fl-(IQ31)* -iS^^sfo^ iii ^QTr nlsl(33)# 
T^^^S>^ S€^liirEl(Q30)S. %^^t^. ^] 30 Bsa^l:drE)^ o]7M ^^(IQ31)« S>4s|-°^ ^^^]^^(Q29'> 3l S 
!a^liEl(Q46)fil ^ ol^lEl^V ^^r(IQ29, IQ46)» ^^tJ-cf. Hq«^li^iEl(Q46)^^ 3^^-?-(37)Sl 

^i3Sl-fe S]^ ^"a-(VCC)ol 'a-'s'sl-^ E^^li=iEl(Q3l)fil olnlE^ ^ ?> ^"JKYCE 

31)ol ?l>ils.S. :eiaixl>i;El(Q3i)^ -f-s^Sl-fe ^^r(IQ31)£ ^^t^. E.^^]^mQ32)^ o]ti]b\ ^ .a^El 7V 
^<J}-(VCE32)^ Jl'gSlol 5i^S.S. -a^Sl-cf. S^;^l:±:El(Q31)Sl ^^(IQ31)^ ^1^1(33)51 H^^l^el 

(Q30)o|l s]^ S^^1^H:1(Q29) ^ H«^l^El(Q46)«^l ^^€^1-. ifl-E^^^i. S€^liEl(Q29)2l ^#(IQ29) ^^1 ^ 
7l-5>S5. -¥-^])«-^(35)£l e^^l^El(Q28)« 1-Sll *3iT ?i^r(IQ28)£ #7l-t!-cl-. :a?ltfl. ^^^.fr 4::i(I25)°fl S\ 
^fr^ "a^^sm. ;^«J-(R29)* -f-^i) J:=fe ^*(IR29) ^ ^mR28)<=^ ^^S^fe ^g-^dR 

28)* ^4i^l7lS.5. Hsa^l^iiEKQSl)* -f-afsm ^fr(IQ31)Tr 



S>cfl^ ?i<a-(VCC)o] t!}7^n^ S.^^]^mQ3im -i-^dl-fe ^^(IQ31)7l- ^oj-^ls.^ H^^I^eK 

Q31)SJ ^^r(IQ31)^=r S.^^l>iEl(Q30)ofl H^^liEl(Q29) ^ S^;^l:iEl(Q46)<»i| ^^^cf. t^ej-'H, H^^l 
iiiEl(Q29)Sl ^^=r(IQ29) ^a] ^v^S>S.S. HS^^I^eI (Q28)» ^^(IQ28)£ ^di^cf. ;^^^r 

iii(I25)'>fl 3l5>ol ^^Sl^ ^^rfe <a^5>SS. ;^^%>(R29)-i- * ^^r(IR29) * ^i«J-(R28)<i ^^Slfe ?i 
n=r(IR28)7l- f^7l-^cl.. ol-el-A-l. S ig^l^iEKQSl)* ^^^-sl-fe ^^r(IQ31)^ ^7>^cl-. S]^ ^^(V 

CC)o] ^-g' 5>7j-5l-clel-£. ^fl- '^5^^-¥-(31)<»flAi '»3>^S1-^ ^#(IB31)^r ^a^sWl -fi-^mcl-. 



-g:£7l- ^-T-<HlfeBSa^liEl(Q33)Sl »Jflc>l>x ojnlBl ?V :5i'a-(VBE33)ol ?}-4;S>S-S :e ^;^] iBl (Q31 )Sl 
^i=r(IQ31)£ ^'■^it-Vcl-. irfel-A-l, e sfl^lie^(Q29)s^ ^^(IQ29)7l- ^^sfSS. S^^l^iEl (Q28)5l ^^r(IQ28)7> 
?3-:t^El-. :i^t!}o^, ^ 29 ;'1^(R29)^ ^-^(^29) ^ 7^*J-(R28)^ ^^(IR28)7> ^7>*>JE.S. 

H€^li^^e1(Q31)2l ^^r(IQ31)i^ ^7}^t\.. ^£7> SpJ-Bl-^ VBE330I ^7>5>JE.S. IQ31£ #7l-^Vcl.. ZL 

elSS. IQ297]- ^7VS>S5. ^■fr(IQ28)7> ^7>^r:l-. itfel-Al, ;H^(R29)-8: *lS.i=r ^^r(IR29) ^ ;^i«J-(R28)* 
*si=. ^^r(lR28)7> ^:dis>a^ HSa^1^B.1(Q31)Sl ^^r(IQ31)^ <=>]^ ^^l, £ 3ofl S-^l^ 1 

hVo1<H^^( 16)31 di^ ^S^ii-¥-(31)^ ^£ ^ ^€ ^<a-(VCC)<»l ^«fiS. <Q^^ ^^r(IQ31)* 



^i-a- ^^^(37)^ ^^^2] ?l<a-(VSET) ^ ^"g-CVDoll S]^ zl-zl- ufolol^^sl^ H^;^li^iEl*(Q44, 

Q45) ^ B^^l^El-i-(Q44, Q45)a] S-eljE-l ^^<^1 S]^ 2^z\ Hl-olol:i5]Bl z^-zj-sl olnle-lfe ^» <^.^M ^S.^ S. 
^;:^l>hEl-i-(Q42. Q43), ^S.^ H^^liEl#(Q42, Q43) ^^^^ o]^]^ ^ ^^(VCC) ^ 

*o1-*(R39, R40). ^ Ha>^libEls.(Q44, Q45) €-^^1 ^ H€^l:iEls.(Q42, Q43)Sl z^-zl-S} A]-olofl 

•J!^.^ ^^«J^*(R41, R42)S. ^^a^cf. ^<a- 2:^^(37)7> i^l^^^* t}7] flS><H ;«1^(R39. R40)^ ^ 

^ 5^1: 7Mo^, ^■1«J-(R41. R42)i£ ik^ ^fe ^o] Hl.^a}5>cl-. 



^^(VI) ^ ^i'3-(VSET)ol sJt^ 71-^1^, -g^ Si^^(.37)^ ^£(R39-> Q42-&gt 
; R41-> Q44)2]- ^S(R40-> Q43-> R42-> Q45)# ^sfl ^S-^r ?i^rfe ^ ^"^-(¥1) 

rt^asl ^<a^(VSET):a.cl- a?!, S€^l^El(Q44)2l ^^r(IQ44)7l- S^^l:iEl(Q45)Sl ^^r(IQ45)iicl- 
cf. nl-e^-^i, ^-a- ^^-¥-(37)21 sF'^ ^S.(R39-> Q42-> R41-> Q44)-i- -f-Sfl *si=. :a^r^c.l ^ 
^ ^S.(R40-> Q43-> R42-> Q45)» f-«fl Jl^.^^ ^^r^-S-Cl- Tl^cf. ZLZ]S.S. H^^I^El (Q43)S) ufl 
ol:i ^s.(IB47)^ 2ho>^cf. ^cflS., ^^(VI)o1 ±.^^S] ^<a-(VSET):e.x^- ^j-^'S, S^^liEl(Q44)Sl :fi 
fr(IQ44)7l- E^;^liEi(Q45)Sl ^^r(IQ45)^cl- ^^oV^cf. itl-e}-Ai, <Q^ ^oj- S^.^(37)£l 3l-^ ^S.(R39-> 
Q42-> R41-> Q44)* ^«fl JIS-tt ^?r^<»l -f^ ^S.(R40-> Q43-> R42-> Q45)* -f-^fl * 
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^¥rW^ Ssa^liEl(Q43)e] ^o]±, ^^(IB47)^ nfe^A^. S ^^1 (Q43)^ aflol^ ^. 

^r(IB47)«fl 21*11 ufolcH^sj^ :4 1 4i^-^(10. S. 1 :^S)o|l><.1 rii'Ssl-fe ^l^r^(IQ47, £ 1 ^Si^o] ai^^cf. 

^^(VSET)'& ^"a-(VI)* :a3j5l-<H 1 ±^^ilO, Z. 1 ^2:)* «>olo1^«l-fe ^^(IB47)7l- 



£ 3<H1 £^1^ 1 u>olo1^«-(i6)i- db^ ^^<?-^(31)<H)Ai ^^^^g ^fr(IQ31)« ±^ ^Mi3 
3)<H)Ai «V4sVo^ ^<a- S^-^(37)oflAi ^^s>^ ^^r» ^latbcf. "fl, 4ii ^S^^-?-(31)°ll^i >iS^^^ ^^r 

(IQSl)^ ■^?II«-¥-(35)ofl 21*^ cl-Al ^a^r ^S^^YCSDofl -SrS. ^ ^^<^ 'S^^^l 9i 

^^cf. 2:^^(37)21 ^^r(IB47) ^ ^-y- ^^oj] ^ji oV^^c)-. ?i 

^ 2:^^(37)21 #^ ?i^(lB47)fe ^<a-(VI) ^ ^13-(VSET)21 ^]-ofl 2l*Vc^ ^S^^^tf. 



£ 4^ £ 1<H] ;*ilo1 ^^7l2l ^] 2 Hl-°Hi-^( 17)21 -a^HI* ^-Hl-vflfe S^olcf. 

£ 4<^ £Al^ ;dl 2 dt^ «VoHi-?-(17)^ '^HH 7j 71^ ^-Fr ^^^(.41). 7]^ ^^r °]5l(43), ^^^(4 
5). ^fr T^le1(47). ^ ^1&|(49)S. ^^i^t^. 

^IjS :g -^^^ -¥-(41)4=7 €r2.2l ^^oj <^^b>j^1 7]^ ^^(IBG)» >«'1^*1-«*1 nle1(43)2l ^ 

ijfl^1i^^tKQl)2l #^e1 ^^rS. 9l7mr^. o] 7]$ ''I el (43)<^1 ^^^^ T^)e1(47)2l 

iEl(Q7)2l ^fl-(IQ7)* ^Ajtbcf. '«>^^-¥-(45)2l ^A^* #3^iL^, ©Ife H^fl^l^El(Q13) 

31 ^ uflol^ ^oj):^ ;ql 10 ;^^(R10)o1 o^;a5lJl. ^o]^^ ^ olPlEj :?]:ofl^ 7i1-sj-(Rll)ol <a^€c1-. 

S^^]rii&|(Ql3)2l ^gljEl ^ olT^lEl ?> ?i^(VCE13)* tP-S>^ VCE13=VBE13+R10X(IR12-B10-p-IB13; olcl-. 0^71^1 3 
TT B^^];iEl(Q13)2l ^-fr ^^io]i::1-. nficll, iri2.ib«o.» • ibi3— >^2.-.ibi3 oIsS., Rll* ^^-^l ^l-Tll -MtJIsV^ 
:5^Hi>„„., 0I £lo1 VCE13^ c1-§- ^e}-^ ^o1 ^gcl-. 



VCE13^1 I ~-J-y )VBEI3 



ec]]A^ $}■ ^ Si^ol,S.^^1:iE-l(Ql3)2l ^ olojEl ^<a-(VCE13)^ ?^i%l-l-(R10, Rll)2l ^1*J-5t2l 

Bl(R10/Rll)ofl^ 'g^wJ-o.s.S.. ^ 21^ ^'a-21 ^^<^ ■¥-€^*>7fl ul^^cl-. iq-el-A^. E^;^l>iEl(Q10)2l 
Bj|ol>; ^<a-^ VCE13J2-S. J1^^51:e.S., H€^liEl(Q9)3l vi\]o]^ 31 ^^€^1". 21^^ ^^(VCC) 

^ -a-t?!- ^^^S. 7l$ Dle1(43)^ 71$ >S^^-¥-(41)o)lAi ^^r(IBG)» ^^fb^l-. 

7^ 7l$ ^SA<^-¥-(41)2l #^ ^^r(IBG)* ^^tl" S^l^l^El (Q2)2l ^^r(IQ2)7> 21-^ ^^(VCC) ^ 

^£ ^^ofl <^^^^^] ^^S-S., °l£l(47)fe 21^ ^'a-(VCC) ^ ^^<>fl <^^^^1 ^fe ^fr* 

ia^1>iEl(Q35)S. ^^?}c1-. H€^1iEl(Q35)2l :g^(iQ35)i^ c|.a1 nle1(49)-^ ^7>Jac1-. n?ltfl. -g-^ 

^n^r -^121(49)21 IWS^ H €^1 ^^1 (Q35)2l ^^r(IQ35) ^ B€^1^eKQ36)21 ^^r(IQ36)2l a] IQ3 

6/IQ35S ^£151J1, - ''I^- "^71^^ 3 ^ H?!^lciEll-(Q36. Q37. Q38) ^^-\S] ^s.^ 

4 S?1^1iEll-(Q36, Q37. Q38)21 Sit* ^fecf. =L^^^], ^S. ^ 21^^ ^i^?} ^<g-(VCC)<»1 

«*>^. -HI Hia^liEl*(Q36, Q37, Q38) ^^S] ^^iE. 3 7> ^^Vcf. 42l-Ai. -g^ °ls1(49) ^^r 
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-n^ 7 

AlWS 
-ws_ IWS 



4P(S+1) 



<?>^ ^^r nl2i(47)Sl #^(IQ35)^ ^'a-(VCC) ^ -SrS^fl -¥-^«l-?fl S ^^^l^Ej (Q39)^ 



S]^ ?i<y-(VCC)ol ^sl-clE^-£ <a:^5>7fl -fr^^l^cf. nj-sj-Al. H ^;^lihEl(Q39)s] uflol>: ^^r(IB48)^ Si] 



S. 5^ i 4011 2 4ii ufolo^iii^s^ mB. ^ ^(bandgap reference generator)^ 'U ^'^] 

iE^^CQRl. QR2). ;M1 2 S^^li^:iEl(QR2)Sl «^El<^il H)lol>i7}- ^1 3 S^^l ^E-] (QR3). S]^ ?i 

41. ^i<a-(VCC) ^ 1 7l§ B^^]iEl(QRl)fil ^a?El /.}o]df\ ^jg^ >ii 1 2 B^^iiBls^ s^eI ^ s]^ 

?l°a-(VCC) Al-o]<>l] 04^^ 2 ;^^«J-(RR2). olDlEl ^ ^^1 ^<a-(GND) ^}o]d\] o^^,^ 3 ;^^«J-(RR3), ^ ^Hl 
3 7]^ S.^^]^^^{QR3)S\ ^^u] ^ o]nlE] A}o]c^ .3:^^ ;H«J-(RBG)-^S. ^^^^nf. £ soil 5L^]^ n^S. 7j 
71^ ?in=r ^S^^-¥-(41)Sl 7]^ 7fl'^^ ^£7> >S-*S>^ ^J-dnS^ ^oj-jq. ^7l-«>fe ^"I^J-^Jt^ 



#^ ^i*J-(RBG) <?f^al ?l<a-(VBG)* 3 7l§ Siffl>^l^El(QR3)£l aflol^ ^ o]'^]^ ?> ^^(VBE3) ^ ^^1 2 
(RR2)sl ^^^<^ M-E)-x4fe :S<a-sl ^olcf. nficll. 1 ^ 2 7l# H?i;<l:±iEKQRi, qr2) ^^$\ 

Z^2^-l».exp(.^!^^=' ) ,i.,expc^^^:-^ > o]c}. 7] Isi^Is2^ 1 ^ ^1 2 7]^ S ?l ^] i E] (QR 1 , QR2 ) ^^r( 
saturation current ) o] cf. 3 ^^«J-(RR3) <3^^} ^Vs] ^'^-(VRS)^ 1 7]^ ^^^]^^(QRl)2] wfloli ^ 

olDlE] oj:^ ^'?J-(VBE1) ^ 2 7l$ S^^lii:El(QR2)Sl »5l1ol^ ^ o]^]^] <a=^t ^^(VBE2)S] ^>ofl tfl 
vnrs'-vn^- vTioc-;g4.->!s. > olc^-. 0^7]^, ^] 1 vfl;^l >ll 3 7] § S €^1 -&(QR1 , QR2, QR3) ^^s] ?i 
^^r B 7} ^^^1 uflo]^ o;ii:1.^, 2 7]^ H^:^1>^El(QR2)2l S^El<^ s. 

834 ^cf. 



-T=^^ 8 

VRBG -VBE3< VR2 

RR2 ICJ-1„ 
-VBR3*-^|- VTlnC--^-.-.,-^ )-VBE3^mVT 



s-iA-l, ^3£7> #7l-«1-^. VBES^ ^±^^. VT¥: ^7l-«]-°S. 4^3E ^^ofl cfl^ <^^ol 
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S. 5°1] Z^]^ Sfl:^ ^ 7]^ ^S^^-¥-(41)sl S]^ ^^{VCO* ^-a- -JV^^ SjSCvoltage regulator) 
1-^ ^^r(IBG)^ -S-i ^ ?i« ^^Sl ^^ofl ^^^n 

£. 6-^ 1«H1 £Al^ :5i<a- ^:^7]9] 1 'SH «l-ol<H>i^2j <U v+E^ifl^ 3E^c>lcj-. 



E^;^l>^El(Q17)o^ olnlE^ :5l<a-o] 017].^ ^^'a-(VR)3l- ^Til £)SS. -f-sfl * = ^ ^^r(IR18)^ VR/RI80I 

€4. °>^7>;^1S. H]]ol>,ofl *5iT ^^r» -^--^ISV^ S€^liEl(Q19)-i: -f-^ ^^r(IQ19)i VR 

/Rl8<il ^cf. 



H€^lii:El(Q20)^ H€^l^El(Q19)fi1-*<a^ Sl«ll ol-«>l<H=iiS|S5. m?!^l^El(Q20)Sl 

(IQ20)£ VR/RlSo] ^^r(IQ20)7l- -^la ^fr °l5l(65)Sl S^^1ie1(Q21)o11 S^^H ^^Sl'H ^1 1 ^^r 

^ia^(14. i 1 ^2:)» H>ol<H>,t!:Cf. «fl. ?i7l-€ ^^"a-(VR)ol ^^(VCC) ^ ^:£7> ^^H^ 

^] ^^S-S. IQ19£ <a^«>jl IQ20£ <a^«>7Jl al^^cf. ne^sS 1 ^^3.^(14. S. 1 #2:)fe 
^(IB53)ofl 31S(| H>olo1i^cf. 



35. 7^ £ lofl S-A]^ ^<a- ;^]o1 ^:5l7lSl ;Hl 2 -^3 a>oH>i-^S| ^ -gAH^ M^E^vflfe lE^olcf. 

£ 7011 ^]] 2 -ya H]-ololi-?-(i9)^. ^^^^ ^^r« ^'Ssfe -^S^A^iii), ^Sa €#va>^^(7i)ofl 

?l7>«l-o> ^^1- A|A^s>:^ >ya i^lel(73) ^ ^fl- nlBl(73)«^|^1 ^-^Slfe ^^r-& 

^IH ^^r •^S^^-¥-(71)ofl ^^fl^Sl-^ «.^fl^a.(75)S. ^^^^cf. ^^r °1e1(73)# ^^^«^>fe S€^]^Ell-(Q69, 

Q70)ol i^lelS. ^^j-sl-t^ zl-zl-fil o1d1e1<H1 oJ^^ ;^-i«J-*(R66, R67)^ ^S: tk^ ^7il€ 

^. 

S. 7^] £A]^ 2 «>ol<H^^(19)Sl ^ -§-3}-^ £ 3<^ JE^1€ ^1 1 «l-ol<H=i:^^(16)Sl n^j!)- 

£ 3oflAi u>S)- ^o], S 70)1 £Al^ 2 Hl-oHi^(19)Sl -^a ?i^r ^S^^-^(71)^ ?J S]^ 

?i"a-(VCC)o] ^cflS. <a^t!- ^^r(IQ71)» nel^, f ^^(IQ71)^r ^^r nle1(73)* ^^^Sfe 

H€^liEl(Q70)'»fl ^s><^ ;4 2 ^3^(15. S. 1 ^2:)# ;qi 2 ^-S- >SH^(15, £ 1 

^2i)¥r "a^^- ^^^r(IB54)o11 «>ol<Hi£l°S, ^3E. ^ ?i« ^<a-(VCC)ol •a'St}" ^^r» 

£. 8^ £ lofl ^:5!7lfil "a ^'^I'^-i- M-El-ifl^ £.^<*lc1-. 



^ 2 B}o]o]^^(iG_ 17) ^ 1 ^ 2 4' 3 uVolo^i-^ds, 19)* ^^SM £AltV ^oji::}-. £ 8o)l Sa] 
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^^£]SiJl. Pl-^ ^<a-(VCC)^ 1.9V. 3.0V. ^ lO.OVS. ^^£)Six^. 



fS. 11 





VCC="L9V 


VCC="3.0V 


VCC="10.0V 




305.4KHZ 


306.1KHZ 


306.1KHZ 


T="0° 


305.4KHZ 


305.4KHZ 


304.0KHZ 


T = "25*' 


305.4KHZ 


304.8KHZ 


303.4KHZ 


T="50** 


305.4KHZ 


304.8KHZ 


303.4KHZ 


T="75** 


306.8KHZ 


306.1KHZ 


303.4KHZ 



s. loijA-i ^ 9X^o], s]^ ^..g ^<a-(vcc) ^ -a^i-Tfl ^sjii, it^i ^^i-^^ ^isi -a^evTii -B-^mcf. 



:£^<^1 ^^H]» ^^5l^^M- d^]^.]^9l 55<^ l-2f5>i^, -fi ^o\s] ^^s\ 

"ill- S'?!, ^ ^'^Sl ;ql<H ^?l7l^ 13)21 >ll 2 ^^^]^^](Q52)^ €-^Bl :?i<a-(FO)* 

<^1 ^1 2 Biffl^liEl(Q52)ir «^tl7l- 7fl1>'-€ ^EHS. ^}-%-^ ^ $X^^, *^ ?i'a-(FO)^ ^^-Br ^ 

oW^. ^1 1 S'ai;<l>:El(Q49)al »iI|oli ^^(VA)3E. A>^^ ^ SicJ-. 

a^of oWef, ^tgoi] sit!" 1 ^ ;^1 2 4ii «fol<H^-¥-(16, 17) ^ ;<il l ^ ;^1 2 ^3 «>ol<^i-¥-(18, 19)^t ^ 
zl- £ 3, 4, 6. 7<^ S.^]^ ^^]<^]% «><^ -g'35lSi-2-i4, -fi- ^^S] 7l#^ A]-^^ o]ol| ^J^S)^ o>M^. 

^«1^ ;()] 1 ^ 2 ?i^r 4ii-¥-(10, 11) ^ ^1 1 ^ 'Hi 2 ^fl- ^'H-^-dS, 19)* -flrS. ^ St]^ ^^(VCC)^ 

'4el-'«-i. -B- ^"^Sl ?l^t!- 7l#al Ji^ "S^fe 7l#^^ A>^ofl si«fi jgsfl^^o]: ^ ^oll4. 

^^ofl ^^7H1 s]^M, ^s. ^ s]^ ^^ol ^3^^7l- <U^^7\] -B-^)€cl-. 

(57) ^^21 

1. 

-7l3q)AiEloi) ^«1-^^ ^?}-Al^.*s.4^ ^^^sVfe. ^^7H sa<H>^1. 

^1^ ?i« ^<a-o.s.-?-El ^SV* ^^^^ ^3flA]El; 
51^ ?i€ ^^^5-^El :4iAj5].^ 

>ah7l ?lSflAlEl oj:^ :?1-S1 ^^Sl- ^ >S-7l ±^^<^ S\n €-8:Sl^^ H Si\^ ^€ ^ 



- 10- 



-g^7fls.5^ ^-2001 -0073762 

^11%"^ Si^^i. ^'•71 iri «H<H:i-¥-fe-. 

^7l ^^rl- ?l7>^o). ^^i^^ ±^ 

^7l ^^=r ^le1<HlAi «}-^S)^ ^i^r* -^^fl^^M ^7l 4.^:^ ^S^^^<^ 917}^^ -^-^fl*-?-; ^ 

'i^<^ ^i-a- ^ *M S]^ ^7] ^fi- nlelofl aJ^Slfe ^#%=^ 2:^*1-0^ >S-7l 

# «Vol<H^«Vfe ?i<a- i^^^ ^^i^fe ^^^^ ^^7]. 
3. 

^7i -^la ti^^r ^^3^<Ml^i ^^r* ^^sM ^7] ^fl- aVoH^sVfe ^3 ?l^r °lels ^^sl^ 
^^^5. 5}-^ ^-a- ;*1H ^^^7l. 
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